The stability of multi-input and multi-output networked control systems (MIMO NCS) is considered in this paper. A less conservative delay dependent stability criterion for MIMO NCS is proposed in terms of linear matrix inequality. The new result is obtained by taking the relationship between the delay upper bounds into account in Lyapunov functional, estimating the upper bound of the derivative of Lyapunov functional without ignoring the additional useful terms and introducing the new free-weighting matrices. The resulting criterion is also extended to the stability analysis for MIMO NCS with time-varying structured uncertainties. Numerical example demonstrates that the proposed criteria are less conservative than the existing ones.
Many efforts have been made to the stability analysis of MIMO NCS in the last few years. The NCS with multiplepacket transmission are modelled as an asynchronous dynamical system without considering the effect of networkinduced delay in Zhang, Branicky, and Phillips (2001) . Lian, Moyne, and Tilbury (2001) analyze and model a MIMO NCS with multiple time delays. Kim, Lee, Kwon, and Park (2003) propose a method to obtain a maximum allowable delay bound of the MIMO NCS in terms of linear matrix inequality. Based on the delay obtained through the proposed method, a scheduling method is also presented. In Yan, Huang, Wang, and Zhang (2007) and Yan, Huang, Wang, and Zhang (2006 b) , the network-induced delay is assumed to be constant. The MIMO NCS are described as a system with multiple time delays. The delay dependent robust stability criteria and delay independent robust stability criteria are presented respectively. He, Wu, and She (2006) propose delay dependent stability criteria for linear systems with multiple constant delays. It is well known that in practical applications, the delays are usually time-varying. He, Wang, Xie, and Lin (2007) present delay dependent stability criteria for system with a time-varying delay. propose delay dependent robust stability criteria for MIMO NCS with multiple time-varying delays in terms of linear matrix inequality. However, the obtained results are still conservative.
In this paper, new delay dependent stability criteria for MIMO NCS are proposed by constructing new Lyapunov functional and using new method to estimate the upper bound of the derivative of Lyapunov functional. Compared with the existing results, the proposed ones are less conservative.
PROBLEM FORMULATION
Consider the MIMO NCS shown as Fig.1 . The controlled plant dynamics can be described by ( ) 
For simplicity, we shall make the following assumptions: In practice, it is almost hard to get an exact model of a system due to the complexity of the system, environmental noises, uncertain and/or time-varying parameters, etc. Therefore, the MIMO NCS with time-varying structured uncertainties can be described by
where the time-varying structured uncertainties
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Before presenting the main results, we give the following lemma, which will be used in the sequel.
Lemma 1 Xie, (1996) . Given matrices 
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STABILITY ANALYSIS OF MIMO NCS
In this section, we establish some new delay dependent stability criteria for MIMO NCS. First we present the stability criterion of the nominal MIMO NCS.
the nominal MIMO NCS is asymptotically stable if
there exist matrices
and any appropriately dimensioned matrices 1 2 1
such that the following LMI holds:
where 11 1 2 2
, , ,
Proof. Choose a Lyapunov functional candidate to be
> are matrices to be determined.
From the Leibniz-Newton formula, the following equations are true for any matrices 
17th IFAC World Congress (IFAC'08) Seoul, Korea, July 6-11, 2008 where 1 1 
T T T T n T T n t x t x t t x t x t t x t
x t PA A P x t x t P Ax t t
t x t t x t t x t t x t x t x t t x t t
Adding the left hand side of (8)- (10) 
2 ( ) ( ( )) ( ) 2 ( ) ( ) ( ) . 
t t H x s Z Z H t Z x s ds t S x s Z
17th IFAC World Congress (IFAC'08) Seoul, Korea, July 6-11, 2008 As the method of this paper takes into account the relationship between the upper bounds of the delays in the Lyapunov functional and estimates the upper bound of the derivative of the Lyapunov functional without ignoring the useful information, the obtained stability criterion has the potential to be less conservative.
Next, we extend the above result to the MIMO NCS with time-varying structured uncertainties. 
By lemma 1, a sufficient condition guaranteeing (7) 
Applying the Schur complement, the above inequality can be written as 
Repeating the same procedures as above for n times more, we can obtain (12).
NUMERICAL EXAMPLE
In this section, a numerical example is given to demonstrate the improvement of the method proposed in this paper. Table 1 . It is obvious that the method proposed in this paper has better results than the existing ones. 
